Understanding the status of contaminants in the marine environment is a requirement of European Union Directives and the Regional Seas Conventions, so that measures to reduce pollution can be identified and their efficacy assessed. The international ICON workshop (Hylland et al., in this issue) was developed in order to test an integrated approach to assessing both contaminant concentrations and their effects. This paper describes and assesses the concentrations of trace metals, polycyclic aromatic hydrocarbons, and polychlorinated biphenyls in sediments, mussels, and fish collected from estuarine, coastal and offshore waters from Iceland to the Mediterranean Sea. For organic contaminants, concentrations progressively increased from Iceland, to the offshore North Sea, to the coastal seas, and were highest in estuaries. Metals had a more complex distribution, reflecting local anthropogenic inputs, natural sources and hydrological conditions. Use of internationally recognised assessment criteria indicated that at no site were concentrations of all contaminants at background and that concentrations of some contaminants were of significant concern in all areas, except the central North Sea.
Introduction
The monitoring and assessment of contaminants in European seas has been undertaken for many years to satisfy the requirements of the Regional Seas Conventions (RSCs), i.e. OSPAR for the NE Atlantic (including the North Sea), HELCOM for the Baltic Sea, MED POL for the Mediterranean Sea. (both Marine  126 Scotland, UK), Walter Herwig III (Thünen-Institut für Fischereiökologie, Germany), 127
Francisco de Paula Navarro (Instituto Español de Oceanografía (IEO), Spain) and 128
Gwendrez (Ifremer, France). Fish and sediments from the Wadden Sea were 129 collected from a small boat, with surface sediments collected by van Veen grab and 130 flounder collected using a 3 m beam trawl. Mussels were hand collected between 131
September and February and not during the spawning period in order that the 132 animals had normal condition and lipid level. All sampling was in accordance with 133 OSPAR guidelines (OSPAR, 1999) . After collection, samples for chemical analysis 134
were stored frozen (-20° C) and dispatched on dry i ce to Marine Scotland Science 135 (MSS), Aberdeen, UK. Sampling site details are in Table 1 and locations are shown 136
in Figure 1 . Occasional samples were lost or were found unsuitable for analysis; in 137 such cases alternative data (from the same year) were obtained from national 138 monitoring programs when they were available. To present and assess national 139 data consistently with ICON data, a conversion factor of 5 was used to convert 140 between mussel dry weight and wet weight where the moisture content was not 141 available. 142 143
The upper 2 cm of sediment were collected (e.g. by Day or van Veen grab), 144 thoroughly mixed and then frozen at -20° C as separ ate aliquots for the 145 determination of organic and inorganic compounds. Fish were collected by bottom 146 or beam trawls, examined for external disease and dissected at sea for tissue 147 sampling.
Otoliths were removed and each fish subsequently aged by 148 sclerochronology, except red mullet which were in the size range 12-18 cm and age 149 was estimated as being Class I-III using specific size-age models (Kinacigil et al., 150 2001; Martínez-Gómez et al., this issue). In order to provide sufficient material for 151 the chemical analyses, liver samples were pooled (5 pools of 5 same-sex fish per 152 site for metals), minced and thoroughly mixed before being divided into aliquots for 153 organic or metals analyses and frozen at -20° C; fl esh samples were treated 154 similarly, though for metals analysis only. After being defrosted and drained of 155 liquor, mussel soft tissues were removed from the shells, pooled, homogenised 156 using an ultra-Turrex homogeniser (VWR, Leicestershire, UK) and separate aliquots 157 frozen for subsequent determinations of trace metals or organic contaminants. For 158 PCB analyses, the 5 fish liver pools from each site were further combined according 159 to their sex and homogenised such that two determinations of liver PCB 160 concentrations were undertaken per site and species. Analysis of contaminants in 161 red mullet was conducted in muscle fish tissue, following guidelines of the MED POL 162 programme (UNEP/FAO/IOC/IAEA, 1993). 163 164
At most sites the collected mussels were from natural populations, although those 165 from the sampling sites at Cape Palos and Cartagena (SE Spain Homogenised biota samples were also digested using the Multiwave 3000; either 189 600 ± 100 mg (wet fish flesh), 450 ± 50 mg (wet liver, wet mussels), or 250 ± 50 mg 190 (dried Certified Reference Material, CRM) were digested using 2.5 mL nitric acid and 191 3.5 mL hydrogen peroxide, and a digestion programme of ramp to 70° To assess the significance of determined contaminant concentrations, data were 267 compared with internationally recognised assessment criteria (Table 2 ) and 268 presented using a "traffic light" system, where blue indicated concentrations at 269 background, green indicated elevated concentrations and red indicated unacceptably 270 high concentrations (Fig. 2) Criteria. In order to avoid being overly protective, individual organic contaminants 294
were assessed against their respective assessment criteria and two or more PAH 295 compounds or PCB congeners had to exceed a transition threshold before the site 296
was assessed as having exceeded that threshold, so for a site to be "red" Baltic Sea and Seine estuary sites formed a separate group with moderate 312 responses on both the first (PC1) and second (PC2) principle components, whilst the 313 SE Iceland (IS1) site was further separated on PC2 (relatively high for Cu and low for 314
As and Pb). As well as in sediments (Table S1 ; Figs. S1-S3), concentrations of Hg, 315
Zn, Cd and Pb were high in biota from Cartagena compared to the other sites 316 (Tables S4 and S5 
Sediment cadmium concentrations (Tables S1-S3) did not exceed the ERL at any  327 site, and were close-to-background in the Alde estuary (SE England) and in the 328 central North Sea (Fig. S1.) . In contrast to sediments, Cd concentrations tended to 329 be higher in livers of dab from deeper, offshore, sites than from inshore areas (Table  330 S5; Fig. S4 and ascribed to local inputs of phosphogypsum, a calcium sulphate that is a by-341 product of phosphoric acid and naturally enriched with Cd. In mussels, Cd 342 concentrations were highest from the Icelandic sites and lowest in the Seine and 343
Wadden Sea (Table S4 ). In summary, Cd concentrations were high in sediment, fish 344 and mussels from both Iceland and Cartagena, low in sediment and biota from the 345 Forth; offshore, fish (dab) had elevated Cd concentrations whilst corresponding 346 sediment concentrations were low. For all matrices, concentrations of Pb (Tables S1-S5; Figs. 3, S2, S4-S6) were  354 highest at Cartagena, exceeding the sediment ERL and the EC food Regulation limit 355 for mussels. As noted above, Cartagena is known to have a high background due to 356 natural geology, and to be contaminated with metals from mining activities. 357
Concentrations of Pb in fish (Table S5; Fig.s S4 and S5) and mussels ( 
concentrations of Pb were low in both sediment and fish liver (both dab and 376 haddock) from Iceland (Tables S1-S5; Figs. S2, S4 and S5).  377  378 High Hg concentrations in sediments, fish and mussels (Tables S1-S5; Fig.s BACs, but no sites were assessed as red (≥2 congeners above the EAC). At only 419
Bjarnarhöfn were PCB concentrations in mussels (Table S4) at background (blue), 420 whilst two sites were assessed as red for PCBs in mussels: 2 congeners exceeded 421
EACs at Blackness and 5 congeners did so in mussels from Le Havre in the Seine, 422
where PCB concentrations also exceeded the EC food regulation limit. Dab from the 423 Seine estuary at Parfond also had extremely high liver PCB concentrations 424 (ΣPCB ICES-7 = 1668 µg kg -1 w.w.; Table S5b ), and this was the only site to be 425 M A N U S C R I P T A C C E P T E D 
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
In the North Sea, the data generally show an increasing gradient of contamination 526 from North to South and from inshore to offshore, which is consistent with other 527
reports (e.g. Salomons et al., 1988; OSPAR, 2010b) and reflects factors such as the 528 higher coastal population density and greater industrial activity. Contaminant 529 concentrations were generally highest in estuaries (e.g. the Seine, Blackness, the 530 Wadden Sea), at Cartagena in SE Spain (especially metals), and at the Baltic Sea 531 site in the Mecklenberg Bight, whilst being low at the offshore sites and in the Alde 532 estuary of eastern England (Tables 2-4, S2-3) . Similarly, the Mecklenberg Bight was 533 found to be of moderate or poor status ("disturbed by hazardous substances") in the 534 most recent HELCOM assessment of hazardous substances (HELCOM, 2010 Bight and the Baltic Sea sites were all approximately 2.5 years old, but had 546 contrasting liver Cd concentrations (generalised as higher in the North and lower in 547 the South). As Cd has a nutrient-like behaviour, the differences in Cd concentrations 548 may reflect differences in hydrographic conditions (Yeats, 1988) . The 549
Mediterranean is known to have high mercury levels (Cossa and Coquery, 2005), 550 whilst the Cartagena area in particular has been subject to historic inputs of metals 551 from mining (Benedicto et al., 2008; 2011) and our findings indicate that sediments 552 and biota (mussels) are still highly contaminated, although direct mining waste inputs 553 ceased in 1990. Concentrations of contaminants were determined in liver from three 554 fish species (dab, flounder and haddock) in northern Europe. Although there was no 555 simple geographical pattern of trace metal concentrations in fish livers, PCB 556 concentrations tended to be highest in livers of fish from the southern North Sea, 557 being particularly high in the Seine Bay and estuary, an area long recognised as 558 being contaminated by PCBs (e.g. Abarnou et al., 1987; Cachot et al., 2006) . 559 560
The number and proportion of determinant/matrix combinations assessed in each 561 category for each site are shown in Figure 5 . In total, there were 211 possible 562 observations; of these, no data were obtained for 15% of contaminant/matrix 563 combinations (in general this was due to loss of samples/sub-samples), 12% were at 564 background (i.e. <T 0 ), 14% were above the upper (T 1 ) transition threshold and 44% 565 were between T 0 and T 1 . More than 15% of possible observations were above the 566 T 1 transition at the Blackness, Baltic Sea, Wadden Sea, Seine estuary, Le Havre and 567
Cartagena sites. 568 569
The most recent major assessment of contaminants and the environmental status of 570 the North Sea was the OSPAR Quality Status Report (QSR2010; OSPAR, 2010b), 571
which assessed the status and trends of Cd, Hg, Pb, PAH and PCB concentrations to in the QSR2010. The three ICON North Sea mussel sites were assessed as 577 green (above BAC, but below EAC) for PAHs, as they were in the QSR2010. 578 Sediment sites common to both studies had the same assessment results for PAHs, 579 with only remote sites at background -here that was at SW Iceland (IS2), whereas 580 in the QSR2010 it was at locations in northern Norway, or the northern North Sea. 581
Assessments of biota PCB concentrations were also similar in this study to in the 582 QSR2010 -with concentrations close to background only in very remote areas (e.g. 583
Iceland here or in northern Norway for the QSR2010). However, ICON sediment 584 PCB assessments generally indicated better status than in the QSR2010. 585
Sediments from the coastal North Sea were mostly red (>EAC) in 2007, but green or 586 blue here, whereas offshore sites were largely green in the QSR2010 and blue here. 587
Slight improvements in the status assessment here compared to in the QSR2010 588 (e.g. Cd and PCBs in sediments) may reflect the different assessment processes. In 589 the QSR, OSPAR compared the BAC/EAC with the error around the fitted value from 590 the last year of a trend assessment, whereas here we compared either the 591 mean±95% confidence interval or the measurement uncertainty with the assessment 592 criteria. Sediment mercury concentrations were above the ERL in most coastal 593
North Sea sediments in both this study and the QSR2010, with biota concentrations 594 very rarely at background in either study. In this study, the biota assessment for Hg 595 was usually red (above the EQS), whereas in the QSR2010 biota were usually 596 assessed as green as OSPAR used the EC food regulation for the upper transition, 597 rather than the EQS; the food regulation limit was not exceeded in this study. Table S4 : Contaminant concentrations (µg/kg wet weight) in mussels 968 Table S5 (normalised to 5% aluminium). PC1 = high metal concentrations (67% of total 992 variation); PC2= very high Cu and higher Cd concentrations (17% of total variation). 993
Site code abbreviations defined in Table 1.  994  995   996  997  998  999 ), wet weight for biota (BACs/EACs converted from dry weight using a factor of 5). BAC = Background
